There is growing evidence that residential environment is associated with hypertension. Recently, interest has also turned toward examining the possible influence of remoteness on hypertension. The aim of this study is to explore the effect of remoteness, the shortest path between the subject location and the population center, on hypertension prevalence in a rural region in japan.
There is growing evidence that residential environment, including social capital and socioeconomic characteristics, is associated with hypertension. [1] [2] [3] [4] [5] In recent years, interest has also turned toward examining the possible influence of remoteness on hypertension. 6 The only other study in a developing country that estimated the distance between the location of a rural village and capital used Google Maps and found that there was a significant inverse association between distance and blood pressure (BP).
However, the question remains whether remoteness has an effect on hypertension in other populations. For example, although Japan's geographic variation (rural and urban) is different compared with a developing country, the risk factors for hypertension that are focused on the specific locations are of particular concern. This is because those who live in a rural region, especially if located far from a population center, might be more influenced by their residential environment (e.g., less physical activity due to poor transportation, high salt-intake culture). In addition, there also remains the question of how to estimate distance from population centers.
In this study, we measured remoteness using geographic information systems (GIS). GIS is a computer-based system that integrates and analyzes spatial data, including latitude and longitude, and its application to epidemiological research is increasing in recent years. 7, 8 Although the recent study by Huang et al. used Google Maps to calculate the remoteness between each participant's village center and the population centers, the remoteness between the participants' actual addresses and the population center were not examined. Our approach might contain less measurement noise because it more precisely defines the participant location by latitude and longitude.
The aim of this study is to explore the effect of remoteness, the shortest path between the subject location and the population center, on hypertension prevalence in a rural region in Japan.
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Methods
Data were collected from a cross-sectional study conducted from 2006 to 2009. This study was part of the Shimane COHRE Study, which was designed to examine the determinants of lifestyle-related diseases, including hypertension. The Shimane COHRE Study, conducted by Shimane University in Japan, was undertaken in collaboration with a health examination program conducted in four municipalities: the towns of Kakeya (since 2006), Mitoya (since 2007), Daito (since 2009), and Kamo (since 2009). These towns are located in a rural mountainous region in the eastern part of Shimane prefecture, Japan. The residents who live in these municipalities have two options when taking a health examination. One is a group examination conducted at public health centers, and the other is an individual examination at medical institutions. Our study was permitted to use the data on group examinations for this analysis. The study protocol was approved by the ethics committee of the Shimane University School of Medicine in April 2006, and written informed consent was obtained from all participants.
GIS were used in the network analysis and database management. We applied the ArcGIS 10.0 software from Environmental Systems Research Institute (Redlands, CA), which estimated road network distance between each participant's address and the population center. Participants' actual residential locations and population center were geocoded. In our study, the location of the Shimane prefectural government was defined as a population center. This is because the Shimane prefectural government is located in the prefectural capital, Matsue city, and the city is the most urbanized in Shimane prefecture. Network analysis, which determined the shortest path between the participant locations and the population center, was performed on road networks, and then the road network distance was divided into tertiles: 0-26,685.8 m = close distance, 26,685.9 m-38,350.6 m = moderate distance, 38,350.7 m-68,070.1 m = far distance.
Hypertension was defined according to data obtained in face-to-face interviews conducted by trained staff, 9 and the sitting BP measurements. Subjects were asked the following question: "Are you currently under treatment for hypertension?" In response, 362 subjects reported that they were under treatment with taking antihypertensive medication, 31 subjects were under treatment for hypertension without receiving medication, and 955 subjects were not under any treatment for hypertension. For the analysis, the four hypertension groups were defined as follows: We also considered the following items: age (continuous), sex (male, female), employment (agriculture, self-employed, others, and unemployed), body mass index ( continuous), stress (currently feel stress = yes, do not currently feel stress = no), use of a car for daily transportation (car use, non-car use), alcohol consumption (nondrinker, drinker), smoking (nonsmoker, smoker), physical activity (regularly engaged in physical activity = yes, did not regularly engage in physical activity = no), use of medication for treatment (dyslipidemia and diabetes).
Statistical analyses.
We conducted a logistic regression analysis to examine the association between road network distance (close distance as the reference) and hypertension prevalence. First, we created models that included the model 1A definition of hypertension (taking antihypertensive medication). The second analysis included the model 1B definition of hypertension (taking antihypertensive medication or under treatment for hypertension without medication). The third analysis included the model 2A definition of hypertension (taking antihypertensive medication or BP ≥140/90 mm Hg for SBP/DBP). The final analysis included the model 2B definition of hypertension (taking antihypertensive medication or under treatment without medication or BP ≥140/90 mm Hg for SBP/DBP). Logistic regression analyses were run after adjustment for potential confounders. The present study involved 1,458 subjects from four municipalities (Kakeya, Mitoya, Daito, and Kamo). After excluding the subjects who had missing data, we conducted an analysis of the data for 1,348 subjects, aged 40-74 years. The χ 2 -test did not show a significant difference in the prevalence of hypertension between the statistical sample (n = 1,348) and the missing sample (n = 110).
A P value of <0.05 was considered statistically significant. All statistical analyses were performed using the SPSS 15.0J for Windows (SPSS Japan, Tokyo, Japan).
results
The characteristics of the study subjects (n = 1,348) are shown in Table 1 . Our sample consisted of 1,348 participants (male 37.8%, female 62.2%), and the mean (s.d.) age was 65.0 (6.9) years; 337 (25.0%) subjects engaged in agriculture. In total, 116 (8.6%) subjects were smokers and 564 (41.8%) subjects reported drinking alcohol. Almost half (45.6%) of the subjects had stress, and about 30% of the subjects engaged in physical activity regularly. Approximately 70% of the subjects reported that a car was their main transport in their daily life. In addition, 177 (13.1%) used medication for dyslipidemia and 54 (4.0%) for diabetes. The mean (s.d.) body mass index was 22.5 (2.9) kg/m 2 . Table 2 provides the results of the logistic regression analysis. For the model 1A definition of hypertension (taking antihypertensive medication), odds ratios were 1.29 (95% confidence interval (CI): 0.93-1.79, P = 0.12) and 1.52 (95% CI: 1.09-2.11, P < 0.05) in moderate and far distances, respectively. For the model 1B definition of hypertension (taking antihypertensive medication or under treatment for hypertension without medication), odds ratios for hypertension were 1.44 (95% CI: 1.04-1.99, P < 0.05) and 1.78 (95% CI: 1.29-2.46, P < 0.01) in moderate and far distances, respectively. The original contributions
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Hosmer-Lemeshow goodness-of-fit resulted in a P value of 0.26 for model 1A and 0.67 for model 1B, indicating that there is no evidence of a lack of fit in the selected model.
For the model 2A definition of hypertension (taking antihypertensive medication or BP ≥140/90 mm Hg for SBP/DBP), odds ratios for hypertension were 1.12 (95% CI: 0.84-1.49, P = 0.42) and 1.06 (95% CI: 0.79-1.43, P = 0.65) in moderate and far distances, respectively. For the model 2B definition of hypertension (taking antihypertensive medication or under treatment for hypertension without medication or BP ≥140/90 mm Hg for SBP/DBP), a similar pattern was observed, with no statistical association between road network distance and hypertension. The Hosmer-Lemeshow goodness-of-fit resulted in a P value of 0.67 for model 2A and 0.70 for model 2B, indicating that there is no evidence of a lack of fit in the selected model.
In these models, we found that age, use of medication for the treatment of dyslipidemia, and body mass index were also associated with higher odds ratios of hypertension.
discussion
The present study found that the odds ratios for far distances in comparison with close distance were significantly increased in both models after adjustment for potential confounders (models 1A and 1B). Similarly, the odds ratio for moderate distance in comparison with close distance was significant in model 1B. Although the odds ratio for moderate distance in comparison with close distance in model 1A was 1.29 (95% CI: 0.93-1.79), the P value became nonsignificant (P = 0.12). A novel contribution of this study is that subjects were integrated in a GIS based on their location defined by latitude and longitude. That is, each subject is shown on a map as a precise point corresponding to his or her home address and the distance is then estimated (not straight-line distance) using road network data. This is because a road network is more complicated in a mountainous region compared with an urban region; therefore, the straight-line distance might be less effective in this kind of research design.
A measurement issue might have caused the lack of a consistent pattern. In Japan, the Ministry of Health, Labour and Welfare recommends an annual health checkup (group examination at public centers or individual examination at medical institutes) for people in the age group between 40 and 74. In the setting of a group examination, a BP measurement might increase bias towards a higher BP as compared with a measurement taken at home. This is because, at a public center, a number of subjects need to be in the same place to take health checkup (separate rooms are not prepared for each subject). The subjects might feel nervous or stressed because of the lack of quietness. These results suggest that more empirical work is needed for further exploration.
As to self-reported hypertension, the average of SBP and DBP in the group that takes antihypertensive medication (135.4 ± 15.3 mm Hg, 81.4 ± 9.6 mm Hg, respectively) were significantly higher than in the group that does not take any treatment for hypertension (125.6 ± 16.1 mm Hg, 76.4 ± 10.6 mm Hg, respectively) (P < 0.01). Similarly, the average of SBP and DBP in the group that is under treatment for hypertension without medication (138.9 ± 17.5 mm Hg, 83.4 ± 13.4 mm Hg, respectively) were significantly higher than in the group that does not take any treatment for hypertension (P < 0.01). These results suggest that self-reported hypertension might be accurate when classifying hypertensive status. The reason the average of SBP/ DBP in the group that takes antihypertensive medication were lower than 140/90 mm Hg is that they might have taken an antihypertensive medicine before their health checkup.
These results extend previous findings on the remoteness and hypertension, because our study more precisely defines the participant location. In addition, although participants in the recent research lived in rural China, 6 the rural area in this study is more developed. Our results are not consistent with the study by Huang et al.; however, these findings should not be in the least surprising. The transport environment might be one of the causes for the conflicting findings. Huang et al. argue that remote villagers are likely to experience much higher levels of activity due to their poor transport environment. However, in Car use, % 70.8
Continuous variables are presented as mean (s.d.). Discrete variables are presented as frequency (%). In Model 1A, hypertension is defined by self-reporting (taking antihypertensive medication). In Model 1B, hypertension is defined by self-reporting (taking antihypertensive medication or under treatment for hypertension without medication). In Model 2A, hypertension is defined by self-reporting and measuring BP (taking antihypertensive medication or BP ≥140/90 mm Hg for SBP/DBP). In Model 2B, hypertension is defined by self-reporting and measuring BP (taking antihypertensive medication or under treatment for hypertension without medication or BP ≥140/90 mm Hg for SBP/DBP). BMI, body mass index; BP, blood pressure; DBP, diastolic blood pressure; SBP, systolic blood pressure.
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Residential Remoteness and Hypertension our study, the χ 2 -test did not show significant differences in car use among distance tertiles (data not shown). This is because, unlike in China, there are few differences in car ownership between rural and urban Japan. Recent research on a rural Japanese region has provided new insight into its transport environment: the authors reveal that the interaction between driving status and public transport was associated with physical activity. 10 That is, public transport is seen to promote physical activity, especially in nondrivers. Therefore, further studies are needed to provide a more comprehensive understanding of the effects of the transport environment on hypertensive status. As for diet, a previous study has shown that Japan has one of the world's highest salt intakes, as does China. 11 Japanese living in rural areas might consume more traditional Japanese food, which has a high salt content than people living in urban areas. 12 Meanwhile, the salt intake in remote areas of rural China is lower than that in urban China. 13 The interpretation of residential environment issues relating to the effect of remoteness should take into account its context, such as culture, economic growth, and traditional back ground, with great care.
Our study had a number of limitations. First, our data did not allow for the assessment of other important risk factors for hypertension, such as income, education, diet, and family history of hypertension. Second, our data is not a representative sample: most participants had reached retirement age, and the majority of our participants were female. A selection bias caused by the nonrespondents in each town was present and might have influenced the association between road network distance and hypertension. Caution is therefore warranted in over-interpreting these findings. Third, in the present study, we used self-reported hypertension to define the presence of hypertension, since a measurement of BP taken at a public center might increase bias towards a higher BP. There might have resulted in a misclassification. However, the information on self-reported hypertension was collected by reference to a medication notebook that included medication records for each subject. Moreover, our interview surveys were conducted by trained staff. Finally, the present study used a cross-sectional design, so that we could not establish the temporal order of causality. Although addressing these challenges was beyond the scope of our paper, we consider our subject as a potentially important issue for further exploration.
In conclusion, our findings using the GIS methodology show that the risk of hypertension defined by self-reporting (taking antihypertensive medication or under treatment for hypertension without medication) is associated with the distance between a subject and a population center in a rural region in Japan over and above the common risk factors. Further comparative studies are needed to investigate the effect of remoteness on hypertension for the sake of drawing robust conclusions.
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